The goal of this research is to evaluate changes in temperature and precipitation in the Central Chernozem Region of southwestern Russia during the summer and relate these to large-scale circulation types and synoptic circulation processes. Some of these circulation regimes result in extreme weather conditions over the region. Using a classification system for Northern Hemisphere large-scale flow regimes and observations of weather within the Central Chernozem Region, the role of individual synoptic patterns in the formation of weather anomalies was identified. Also, comparing the periods 1981-2010 and 1971-2000, the mean summer temperatures increased by 0.6 ∘ C regionally. During the most recent decade the increase was 1.3 ∘ C. Total precipitation for the summer increased over the 20th century and was characterized by less variability during the second half when compared to the first half. However, in the beginning of the 21st century, precipitation has decreased during the growing season, but variability has increased. The increase in summer temperatures and increased variability in precipitation were then linked to an increase in the occurrence of weather regimes associated with warm anomalies and blocking. Finally, the results of this study can be used to translate larger-scale seasonal or climate forecasts to the regional scale.
Introduction
The changes in the atmospheric circulation over the past few decades have been linked to global changes in temperature and have had a significant influence on the dominant weather conditions in many locations on both the large and regional scales. Recently, there have been several articles which demonstrate that hemispheric and/or regional weather is strongly influenced by teleconnections as well as changes in climate (e.g., [1] [2] [3] [4] [5] [6] [7] [8] ). These changes can also be associated with the more frequent occurrence of extreme or abnormal values of temperature and precipitation in some places and fewer extremes in others (e.g., [4] [5] [6] [7] [8] ). There is widespread public concern that extreme weather will result in more costly disasters for local and regional economies. One example would be drought, which is associated generally with reductions in agricultural output.
There have also been changes in shorter term climate variability related to El Niño and Southern Oscillation (ENSO) that can be related to changes in phases of longer term variability such as the Pacific Decadal Oscillation [3, [8] [9] [10] . In [3] , it was shown that ENSO precipitation variability in the Midwest United States changed when the phase of the PDO changed. For example, the authors found that ENSO related variability was stronger during the warm phase of the PDO and less pronounced during the cool phase, and this result was similar to that found in [10] . Recently, [8] found a strong relationship with the PDO in the long term climate of the Northwest United States. Also, [9] found that El Niño became stronger in the latter part of the 20th century compared with 2 Advances in Meteorology that of the middle part of the century. But recently, [3] and others have shown that El Niño has become weaker and that these changes in ENSO are consistent with longer term variability. Additionally, studies of the occurrence of extreme weather conditions in the Central Chernozem Region of western Russia have also been performed [11] [12] [13] , and they showed that the occurrence of extreme and hazardous conditions has increased in the region.
In a recent study, [14] examined climate variability on very long timescales and also shorter timescales. The authors in [14] found that precipitation had increased during the last part of the 20th century in this region. In spite of increased precipitation in the region, [15] found that summer season precipitation variability in the southwest part of Russia was related to the transition phase of ENSO. In particular, the authors in [15] found that drier summers during the 1970 to 2013 period were associated with the transition to El Niño years and steady state La Niña conditions, while more favorable summers for agricultural production were associated with steady state ENSO neutral conditions. This research will examine trends and variability in summer temperature and precipitation within the Central Chernozem Region (CCR) of southwestern Russia over a longer time period. This area is in a zone of moderate continental-type climate (e.g., [16, 17] ). Additionally, this work will link the summer season temperature and precipitation conditions to the occurrence of large-scale and synoptic weather types by using a classification scheme of predominant Northern Hemisphere (NH) weather types [11] . This study will present this classification scheme, which is unique in the literature, and has potential application for research and operational forecasting. Also, this work will examine the duration and intensity of temperature and precipitation anomalies associated with zonal and meridional atmospheric circulation types. Then, these circulation types also can be associated with periods of extreme weather and climatic characteristics [11] [12] [13] . Additionally, for application to agricultural and economic activity, studies of climate variability on the regional and local scale are more appropriate and useful than those on the global scale (e.g., [18, 19] ).
Data and Methodology

Data.
The precipitation and temperature data used in this study for Belgorod region can be obtained from the All Russia Research Institute of Hydrometeorological InformationWorld Data Centre (RIHMI-WDC http://meteo.ru/) and also from [20] . These were provided in Celsius for temperature and millimeters for precipitation. The NH circulation classification scheme was derived originally by B. L. Dzerdzeyevskii, published in [11] , and then modified and used by [21, 22] . The role of individual circulation types as related to the basic climatic conditions of the region and the occurrence of anomalous conditions were identified. Lastly, the National Center for Atmospheric Research/National Centers for Environmental Prediction reanalyses [23] were used to create the maps for the large-scale flow regimes, in particular the 500 hPa geopotential heights at 1200 UTC. This time period is close to midday in the study region and also contains more observations than other time periods.
Large-Scale Flow
Regimes. In these references above there are 13 basic types of circulation classifications (Figure 1) for the NH as a whole derived using six different sectors (60 ∘ longitude). In this study, these are more generally classified into four groups based on the synoptic character of the flow (cyclonic or anticyclonic) in the region for both the warm and cold seasons. In the original work, the predominance of zonal or meridional circulations within each of the six sectors was used as the main indicator for classification. The flows were characterized based on the location of primary troughs and ridges in jet stream within the NH. The original data also provide flow trajectories derived from 500 hPa isohypses and associated with 500 hPa trough and ridge systems on synoptic maps.
Variants for each of these 13 circulation types are characterized by differences in the location of the troughs and ridges and their associated polar air intrusions or prominent cyclone systems. The total number of variants for the NH is 42 synoptic types, and these are described in great detail by [21] . The four general types identified here (and 13 major categories in [11] ) are described briefly below. (Types 1 and 2 ). These are characterized generally by the absence of cold air outbreaks in the NH and the predominance of wave numbers two to five. Type 1 is more dominant in the cold season and characterized by wave numbers three and four (Figure 1(a) ), while type 2 is more predominant during the warm season (Figure 1(b) ). There are two variants of type 1 and three for type 2 based primarily on the location of NH high pressure centers at 500 hPa. For type 1, there are major high pressure centers over the oceans and the Eurasian continent. In the CCR, type 1a is characterized by high pressure at the surface, while, with type 1b, there is low pressure over the region (Table 1) . Type 2 can also be associated with ridging at 500 hPa (Figure 1(b) ) or even a stationary anticyclone (blocking) over the study region as defined by [24] . On the surface in the CCR, types 2a and 2b are characterized by high pressure, while type 2c is characterized by low pressure (Table 1) . Type 1 can be characterized by a high or low North Atlantic Oscillation Index [25] , while type 2 generally is associated with a high index (zonal) flow.
(i) Zonal Circulation
(ii) Zonal, Breaking Waves (Types 3-7). These are characterized by one polar air mass invasion or strong trough and three strong cyclone events throughout the NH and wave number three or four at 500 hPa. Type 3 (Figure 1(c) ) is predominantly warm season flow regime at 500 hPa, with a polar outbreak over the Atlantic region (lower NAO Index (Figure 1(c)) ). This type is characterized by surface low pressure over the CCR (Table 1) . Type 4 has three variants at 500 hPa with the cold air outbreak occurring primarily over eastern Europe and Russia including CCR for types 4a and 4b (Figure 1(d) ). Type 4a occurs primarily during the cold season and types 4b and 4c occur during the warm season. On the surface in the CCR, types 4a and 4b are primarily anticyclonic and type Advances in Meteorology Latitudinal western and longitudinal southern 4c is cyclonic (Table 1) . Type 5 ( Figure 1 (e)) is characterized by a strong zonal Atlantic jet stream extending across the northern part of Europe at 500 hPa and also a strengthened Mediterranean southwesterly jet stream extending over the study region for type 5d (not shown). This type is primarily cold season flow type, with the cold air outbreak occurring over eastern Asia (Figure 1(e) ). This type has four variants with the primary differences being between the location, strength, and direction of the jet stream over Europe. On the surface in the CCR (Table 1) , high (low) pressure is associated with types 5a and 5b (types 5c and 5d). Type 6 is primarily warm season configuration very similar to type 5d except that the polar intrusion is over the west or mid-Pacific region ( Figure 1(f) ). For type 6 (Table 1) , there is surface low (high) pressure over the CCR during the winter (summer). Type 7 ( Figure 1(g) ) is characterized by a polar intrusion occurring over eastern (western) North America [type 7a (type 7b)] at 500 hPa. For each type 7 there are a summer and winter variant characterized by poleward (equatorward) flow over the CCR in winter (summer) for type 7a and the opposite for type 7b. This is consistent with the presence of low pressure to the west (east) in the winter and high pressure to the west (east) in the summer at the surface (Table 1) .
(iii) Meridional NH Circulation (Types 8-12).
These are characterized by multiple polar intrusions, two to four strong 500 hPa cyclones and meridional flow of wave number three or four. Type 8 has the most variants (seven) and the primary (Table 1) , type 9a is characterized by high pressure and type 9b by southerly flow and low pressure. Type 9a is primarily warm season weather pattern and type 9b is a transition season weather pattern. Type 10 is characterized by two cold air outbreaks and has two variants at 500 hPa (Figure 1(j) ). In type 10a, the cold air is located over the western USA and the CCR, while, for type 10b, the cold air outbreak is in the Eastern Pacific and east of the CCR (Figure 1(j) ). Type 10a has no preferred season, while type 10b is primarily warm season event. In Figure 1 (j), there is blocking located to the west of the CCR and on the surface (Table 1) type 10 is associated only with anticyclones over the CCR. Type 11 (Figure 1(k) ) at 500 hPa has four variants, and all of these are cold season events characterized by colder air over the western and central USA and the northern Siberia region of Russia. Types 11a, 11c, and 11d (type 11b) are associated with high (low) pressure over the CCR at the surface (Table 1) . Type 12a is a strongly amplified wave number four pattern at 500 hPa (Figure 1(l) ) with cold air outbreaks occurring over the extreme east and west of North America and also over Eurasia. Type 12a (Figure 1(l) ) occurs primarily during the transitions seasons, especially spring (April, May), and is associated with southerly flow and low pressure across the CCR on the surface (Table 1) . Types 12b and 12c are similar to type 12a but are wave number three events each with a summer and winter variant. The difference is in the strength of the cold air outbreaks which occur over North America, central Asia, and the Atlantic for 12b and over central North America, western Europe, and eastern Asia for type 12c.
(iv) Azores Anticyclone (Type 13) . This flow type is characterized by the absence of polar intrusions, wave number three, and has two variants at 500 hPa (Figure 1(m) ). Both types 13w and 13s are characterized by high pressure at 500 hPa and on the surface over the CCR or are centered just to the east (Table 1) . Azores Anticyclone is generally characterized by a high NAO index over the Atlantic region. Type 13 is often associated with blocking, and type 13s was the pattern associated with the prolonged summer blocking event of 2010 over the CCR (e.g., [15, 26] ).
Climatological Study
Large-Scale and Local Flow Regimes versus Strong
Temperature and Precipitation Anomalies. In order to assess the impact of large-scale atmospheric circulation on the temperature and precipitation regimes in the CCR and surroundings, the classification scheme described above was used, covering the period from 1899 to the present time [20] [21] [22] . This made it possible to combine the large-scale weather patterns into the cyclonic and anticyclonic groups identified by this study. Within each group the large-scale circulation pattern may vary in the type and location of air masses over the rest of the NH, but the synoptic processes in the CCR and surrounding regions will be very similar ( Table 1) .
The territory of the CCR is located in an area close to two prominent climatological features, the Mediterranean Storm Track and the Eastern European-western Russia blocking region (e.g., [24] ), which makes this region an area of less variable weather conditions. This is particularly true with respect to the temperature regime, at which throughout the summer season the daily standard deviation is less than 2 ∘ C. When temperatures are anomalous, this character generally extends to the entire region and beyond and is commensurate with the space scales of synoptic events. An example of this kind of anomaly would be the anomalous warmth that accompanied the blocking event of summer 2010 [15, 26] . Therefore, we can use the Belgorodskoe-Fenino weather station to represent the climatological character of the region for the analysis of anomalous meteorological parameters during the winter and summer periods (e.g., [3] and references therein) and their correlation to atmospheric circulation types. This permanent weather station is in a climatologically suitable location and has provided a homogeneous series of observations since 1881.
The correlation of circulation types to temperature and precipitation anomalies has been carried out by many authors in the past (e.g., [1, 27] ) and more recently (e.g., [3, 11, 14, 15, 18, [28] [29] [30] ). Also, this method of identifying circulation types and correlating these to regional climatic variables such as temperature and precipitation is used currently by the Laboratory of Climatology at the Institute of Geography in the Russian Academy of Sciences [11] . Additionally, the climatological time series data for daily air temperature and daily precipitation were evaluated for the 1971-2000 monthly and season means and then evaluated for the 1981-2010 information. Table 2 presents the list of circulation types correlated with anomalies of mean daily values of temperature and precipitation at a confidence level greater than 0.80. In the summer season positive anomalies of daily mean temperature in the CCR were associated with flow regimes of types. These are both characterized by southerly flow across the region and are occurring in advance of a surface cyclone (type 4c) or with flow on the west side of the Siberian summer anticyclone (type 7b). This type (7b) is responsible for more prolonged warm events. As Table 2 shows, however, it is type 4c which produces statistically significant warm anomalies in the region, and this is likely due to the transport of very warm air out of the Balkan region or Turkey. Additionally, type 13s has also been associated with warm anomalies, in particular the strong blocking event of summer 2010 [15, 26] , but this category was also not statistically significant. Strong cold anomalies of daily temperature were associated with circulation types 2b, 3, 4b, and 9b, which are northerly flow regimes in the region, and all of these were statistically significant except type 3 ( Table 2 ). Types 2b and 4b occur in association with transient anticyclones moving into the region within more zonal flow, while the remaining types are associated with more meridional circulation, on the western side of a cyclone that has moved past the region. The zonal types are associated with shorter lived and weaker cold anomalies and occurred more frequently, while the meridional types are associated with the stronger, more persistent, but fewer cold anomalies ( Table 2) .
The summer season positive anomalies of daily precipitation in the CCR are associated with the development of circulation types 4c and 8bs, each representing cyclones (Table 2) . Type 4c is associated with moisture from the Mediterranean region and convection in the warm sector of a cyclone, while type 8b is associated with more stratiform type precipitation on the northwest side of low pressure. Circulation type 4b occurred more frequently than type 8bs. The significant negative precipitation anomalies are associated with anticyclonic conditions; types 2b and 4b and 10a are all transient type anticyclones, while type 13s is often associated with long-lived blocking (Table 2 ). There was more than double the number of type 13s negative precipitation anomalies compared to the other three types combined, and summer season persistent blocking is associated with drought in the region [15] .
This type of classification scheme for the hemisphericwide flows and their relationship to local and regional weather type may be very useful for long range prediction. In a study performed by [19] and references within, the authors show that long term climatic projections are of limited utility as these forecasts generally provide projections for very large space scales. Also, the studies of [28, 29] , for example, demonstrated the utility for the classification of global scale flow regimes and their association with regional temperature and precipitation anomalies and flow. In [29] , the authors Advances in Meteorology 7 show that using the classification scheme proposed in their work could be used to make long range forecasts that showed skill above climatology. The results of this study could also provide a methodology for downscaling long range forecasts or climatic projections to the regional scale with more precise results for the expected weather types and their associated temperature and precipitation anomalies.
Frequency of Circulation Types Compared to Temperature and Precipitation Trends.
In recent years, research has examined the frequency of the occurrence of extreme events (e.g. [4, 7, 12, 13] ), and this is particularly true for the warm season. Heat waves and drought conditions affect the wellbeing of people [26] and the functioning of the various sectors of the economy and especially the agricultural sector [18, 19] . Thus, a study of the frequency of occurrence of monthly temperature and precipitation anomalies was examined for the entire period at the study station (1889-2013). Here, months were chosen if the average temperature was 2 ∘ C or more above and below the mean (more than one standard deviation for the summer season or any summer month) and for precipitation if the month was 20% above or below the normal and these are consistent with the values used by the Russian Hydrometeorological Center [31] for defining an extreme event. The trend and variability of temperature and seasonal precipitation in summer seasons of 1899-2013 are presented in Figures 2 and 3 .
The increase of the seasonal average air temperature in the summer was 0. there has been a reduction in precipitation of the growing season (19 mm-9%) for the 1981-2010 period compared to the previous period, 1971-2000, and precipitation variably increased (3 mm-5%). The increase in variability is consistent with the results for the Midwest USA, but there has also been an increase in precipitation for that region [3] . Table 3 shows the circulation types which occur during the summer months whether or not they produced anomalies that were statistically significant. The total duration of circulation types associated with positive temperature anomalies during the summer season has been increasing steadily since the early 1900s in the study region (Figure 4 ). Since the early 1900s the number of these has approximately doubled and the trend is statistically significant at the 99% confidence level when applying an F-test (e.g., [32] exhibits a trend similar to overall global temperatures (e.g., [6] ), Figure 4 does not. This is likely reflecting the fact that there are changes in the character of large-scale flow regime, which may not always correspond to temperature, especially regionally (see Table 1 ; see also [3] ).
The most significant changes in the occurrence of circulation type over the region for the duration and magnitude of warm anomalies have been the increased occurrence of circulation types 13s, 9a, and 8ds. Note that these are only the occurrence of a particular type of flow regime and not the strength of the warm anomaly produced (Table 2 ). In addition to type 13s, circulation type 9a is also associated with blocking in the study region. In the study of [15] , the authors demonstrated that drier summers were associated with more persistent and stronger blocking over the sector 20 ∘ E to 60 ∘ E, when examining interannual variability. Their study did not examine the regional trend in overall blocking occurrence. Accessing the blocking archive found at the University of Missouri (http://weather.missouri.edu/gcc/) and using the criterion of [15] , the number of blocking events in the region increased during the February-August and June-August time frames from approximately four and two events per year during the decade of the 1970s to about five and three events per year during the 2000s, respectively. However, the number of blocking days increased dramatically from 32 and 13 days in the 1970s to 54 and 30 days in the 2000s, respectively, an increase significant at the 99% confidence level. This increase in blocking is consistent with the result shown in Figure 4 and the increased occurrence of types such as 13s.
Circulation type 8d is mainly a surface anticyclone event. Concurrent with the increase in warm anomalies, there have been a decrease in the occurrence of strong cold anomalies and a reduction in the number of circulation types associated with cold anomalies (Table 3, Figure 5 ). The flow of cold air into the region is associated with strong northerly flow on the eastern (western) side of high (low) pressure, and these processes are no longer for the summer period.
The assessment of moisture conditions at the turn of the 20th and 21st centuries yielded ambiguous results. Changes in precipitation amount and frequency driven by the increase of the role of convectively driven events in comparison with steadier stratiform type precipitation were the reason for these results (Figures 6 and 7) . The increase in the frequency of occurrence of cyclones from the southwest (e.g., type 4c), often associated with convection (and heavier rainfalls), has been associated with less frequent rainfalls and decreased monthly totals of summer season precipitation. Concurrently, the number of days with transient anticyclones (e.g., type 4b) has decreased dramatically. Also, as for the warm temperature anomalies, types 13s and 9a associated with blocking have been associated with the rise in negative precipitation anomalies. Thus, summer season precipitation has been more variable over the region, especially in the latest 10 years, a result similar to that in central US plains region [3] . Such a result makes agricultural production more difficult, especially for those crops that need consistent precipitation.
Summary and Conclusions
A study of the summer season climatological character of temperature and precipitation in the CCR of Russia was carried out using temperature records from the BelgorodskoeFenino weather station. This station represented broadly the synoptic scale conditions across the CCR, which is an agriculturally important region of western Russia. An analysis of the general trends was performed briefly but can also be found in other studies for this region [12] [13] [14] . The summer average temperature increased by 0.6 ∘ C when comparing the 1971-2000 means with the 1981-2010 values and by 1.3 ∘ C in the most recent decade. The amount of precipitation during the summer season has decreased since the beginning of the twenty-first century and when using the same comparison for 30-year periods of temperature. While precipitation was characterized by less variability in the second half of the twentieth (20th) century in comparison with the first half of the twentieth century, there was an increase in variability in recent decades.
However, this study is unique in that it presents a hemispheric scale flow regime classification system that has not been presented to the general meteorological community previously. This classification scheme has 13 general hemispheric configurations and many of these have variants related to the position of the major trough and ridge systems in the jet stream or the strength of these in the warm season versus the cold season. There are a total of 42 variants, and these are then related to synoptic scale weather conditions across the CCR and classified generally as cyclonic or anticyclonic conditions depending on the dominant surface system. These flow regimes can even be related to large-scale features such as blocking anticyclones, which can influence weather over large regions for long periods of time (e.g., [2, 7, 15, 24, 26] ). This work also demonstrated that this NH classification scheme has the potential for use in downscaling long range forecasts or climate projections to the regional level with more precise temperature and precipitation projections based on contingency.
In this work, for the CCR it was found that several types of large-scale weather regimes produce warm anomalies over this region during the summer. Most are associated with anticyclones, either long-lived stationary surface anticyclones to the east or blocking. However, the weather regime that produced the strongest warm anomalies with the highest statistical significance was associated with the warm sector of a cyclone over the region. Also, there have been a steady increase in the occurrence of warm anomaly regimes since 1900 and a statistically significant increase in the occurrence of blocking in the 20 ∘ E to 60 ∘ E sector of the Northern Hemisphere during the last 40 years. Additionally, since the early 1900s, the probability of weather regimes producing heat waves has doubled. Conversely, the occurrence of cool temperature anomalies during summer has decreased, and the occurrence of strong, long-lived cold air outbreaks is no longer typical.
There are also several types of weather regimes that produce anomalously dry and wet conditions in the CCR. It was found that cyclonic regimes were associated with anomalously wet conditions, and both transient and stationary anticyclones, including blocking, are associated with dry anomalies. An increase in flow regimes favoring more convective type precipitation has occurred in concert with a decrease in synoptic types that produce more steady (stratiform) rainfall. The result has been a decrease in summer precipitation in the last few decades and since 1900. This trend in precipitation is opposite to that of the precipitation trend in the agriculturally important areas of the central USA. Also, in the last few decades precipitation variability has been greater than the earlier periods, and this is also associated with the increase in blocking events during the summer season.
